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The synthesis and characterization of oligomeric homopolyamides and
block copolyamide are discussed.
The homopolymers, poly(trans-l,4-cyclohexylene-trans-l,4-cyclohexane-
dicarboxamide) and poly(l,3-phenyleneisof^thalamide), and the block copoly¬
amide, poly(trans-l,4-cyclohexylene-trans-l,4-cyclohexanedicarboxamide-b-l,3-
phenyleneisophthalamide), were prepared by low-temperature polycondensation
techniques.
The aliphatic oligomer was prepared from trans-l,4-cyciohexanediamine
and cyclohexanedicarboxyi chloride using a 10 mole percent excess of diamine.
The aromatic oligomer was prepared from m-phenylenediamine and isophthaloyl
chloride, using a 10 mole percent excess of acid chloride.
The block copolymer was prepared by reacting the above aliphatic and
aromatic prepolymers having amino and acid chloride end groups respectively.
The characterization of these prepolymers and block copolymer was
accomplished using spectroscopic techniques (infrared, proton and carbon-13
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Aromatic polyamides have generated a lot of excitement. The combina¬
tion of unusually high strength, high melting points and low solubilities, gives
1 2rise to a truly remarkable class of materials as recently reviewed. ’
When polymers are composed chemically and stereochemically of identical
units (except for terminal groups), they are called homopolymers. A polymer
chain consisting of more than one type of repeating unit is termed a copolymer.
When a polymer, other than a homopolymer, is used to produce a block
copolymer, the polymer is called a prepolymer.
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There are four types of copolymers: alternating, graft, random and block
copolymers. Alternating polymers have one unit followed by another unit of a
different kind. Graft copolymers are branched copolymers with a backbone of
one monomer to which are attached one or more side chains of another
monomer. Random copolymers are characterized by a statistical assignment
of the comonomer repeat units along the backbone of the chain. Block copoly¬
mers are polymers consisting of chemically dissimilar units of long sequences of
homopolymers or prepolymers which are terminally connected.
Often an extreme property value of a given polymer is viewed as both
"bad” and "good". A high melting temperature is a virtue for many end-use
applications. However, when the melting temperature exceeds the chemical
decomposition temperature special fabricating problems arise, in that conven¬
tional melt processing techniques cannot be used. Sometimes, one hopes to
1
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modify the polymer chemically so as to preserve the desirable characteristic
while simultaneously overcoming a processing or performance deficiency.
One traditional approach to this situation has been modification via
random copolymerization. While this approach has proved useful in a number of
cases, it results in the averaging of properties. Property values are fixed by the
homopolymers and can only be changed by random copolymerization between
these limits. While this approach has enjoyed success in some cases, there is
clearly room for other methods.
The advent of block copolymerization gave rise to an entirely new concept
for the design and control of polymer properties. Materials such as Kraton'
(polyurethane-polyether block copolymer) and 'Spandex* (polystyrene-polybuta-
diene block copolymer) soon convinced the polymer community of a remarkable
conclusion: some properties of the homopolymers could be maintained nearly
unchanged in a block copolymer system. Furthermore, the added benefit of
some new property, usually due to the block copolymer morphology, arises that
belongs to neither of the homopolymers.^
Kraton' has the famous "thermoplastic” elastomeric characteristic of
behaving like an ordinary polymer fluid above 100° and as a cross-linked
elastomer at room temperature. 'Spandex* has combined thermochemical
stability and elasticity attained by block copolymerizing two entirely different
segments. It has the apparent contradictory properties of simultaneously having
fiberlike qualities, with the associated high tensile strength, while enjoying the
4
benefits of long range elasticity incorporated into one molecular system.
Some polyamides belong to a special class called stiff-chain polyamides.
An example is poly(l,3-phenyleneisophthalamide). There is another class of
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polymers which one preferably calls extended chain polyamides, those in which
the chain-forming units are linked so as to extend the chain in the same
direction and wherein the amide bonds are presumed to be predominantly in a
trans configuration.^ Some extended chain polyamides contain the following
structural units: 1,4-phenylene, 4,4'-biphenylene, 2,6-naphthylene, or trans-1,4-
cyclohexylene (see Fig. 1). These polymers are part of a new class of materials
5-8
which form mesomorphic or liquid crystalline solutions.
Liquid crystalline polymers are those which have structures which are
intermediate between the three-dimensionally ordered crystalline state and the
disordered isotropic fluid state. They form partially ordered melts or partially
ordered solutions which may be processed to form films and fibers with high
degree of orientational order and chain extension. This leads to superior
9-11
mechanical properties for the material. S. L. Kwolek was the first to
prepare extended chain polyamides which were liquid crystalline. Examples of
such structures are poly(l,4-benzamide),^ poly(l,4-phenylene terephthalamide),^
Q
and poly(trans-l,4-cyclohexylene-trans-l,4-cyclohexanedicarboxamide).
The chain-forming units, examples of which have already been mentioned,
can be combined in any order provided stoichiometry is satisfied and there are
enough amide links to give the needed solubility. Small substituents generally
increase solubility. Copolymerization with a non-conforming intermediate, a
structure which ^er ^ does not favor the formation of liquid crystalline
solutions, such as one based on 1,3-phenylene or polymethylene units, can be




Except for the metal frame a spacecraft is made up to a considerable
extent of polymeric material. Plastic materials which can resist the
deteriorating elements (e.g., electromagnetic radiation and high temperatures)
are required which are available for extended application over a temperature
range of 250-350°.
Poly(l,4-phenylene terephthalamide) and poly(trana-l,4-cyclohexylene-
trans-l,4-cyclohexanedicarboxamide) have been prepared and shown to exhibit
liquid crystalline properties. Our objectives were to prepare block copolymers
and substituted block copolymers of poly(cyclohexylene-cyclohexanedicarbox-
amide-b-phenylene terephthalamide) and to study their properties. By using
different isomers of diaminocyclohexane and cyclohexanedicarboxylic acid and
substituted derivatives of isomers of phenylenediamine and phthalic acid we
proposed to optimize the thermoplastic elastomeric properties of the resulting
block copolyamides.
The objective of this particular research was to prepare a block
copolyamide which we hoped would be liquid crystalline and was based on
poly(l,3-phenyleneisophthalamide) and poly(trans-l,4-cyclohexylene-trans-l,4-
cyciohexanedicarboxamide) combining an aliphatic ring structure with an
aromatic ring structure (see Fig. 2). The resulting structure is expected to
possess very interesting thermal and mechanical properties. By combining the
very flexible cyclohexane rings (from the liquid crystalline aliphatic homopoly¬
mer) in blocks with the relatively rigid and stiff phenyl rings (from the non¬
liquid crystalline aromatic homopolymer) we intended to prepare a liquid-
crystalline block copolymer. It will not be ex £ost facto reasoning to expect






oligomer past the boundary of non-liquid crystallinity into the domain of liquid
crystallinity, and in effect to make the whole block copolyamide liquid
crystalline. This should result in a tough elastomer with improved solubility
values.
Sophisticated experimental techniques have been employed in the synthe-
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sis of copolymers. These include (a) accurate knowledge and control of
initiating and propagating species, (b) minimum level of impurities, (c) very
dry reactants, (d) the use of low-concentration solution polymerization methods,




Infrared spectra were obtained on a Beckman 4240 and Beckman AccuLab
4 Spectrophotometer using KBr discs. The Bruker 250 MHz NMR Spectrometer
was employed for running the carbon-13 and proton nuclear magnetic resonance
spectra. Reading were done using concentrated solutions of polyamide in
^2^^4*
The inherent viscosity values, determined at 30° at a
concentration of 0.30 g/dL of polymer in 96-98% sulfuric acid with a Cannon-
Fenske viscometer. Results were reported in deciliters per gram, n =
2.303 Log (where is the relative viscosity and C is the
concentration in grams per deciliters.^^
Glass transition temperatures (T^) and melting temperatures (T^) were
determined using a DuPont 990 Thermal Analyzer and the DuPont 910
Differential Scanning Calorimeter.
Reag^iU
N,N-Dimethylacetamide (DMAC) (Fisher Scientific Company) was first
stirred for 6 hr with a few crystals of isophthaloyl chloride to remove any N,N-
dimethylformamide present. This chemical is believed to be a chief impurity
114
causing complications during the synthesis. ’ Then dry calcium oxide was
added to the solvent and the mixture stirred for 24 hr to remove labile
8
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hydrogen-containing impurities. Finally the solvent was distilled under a dry N2
gas atmosphere and the fraction boiling at 164-166° collected, and stored over
molecular sieves. Triethylamine (Fisher Scientific Company) was stirred over
calcium oxide and distilled under nitrogen gas and the fraction boiling at
88°/760 mmHg was collected. This frees it of any water, secondary and/or
primary amines. Lithium chloride (Fisher Scientific Company) was dried at
about 100° for 24 hrs under vacuum. A dry inert gas atmosphere was obtained
by bubbling N2 gas through concentrated sulfuric acid and then through a drying
column filled with layers of anhydrous CaSO^ and molecular sieves. M-
Phenylenediamine (Aldrich Chemical Company 99 + % purity) was twice
distilled by vacuum sublimation. White needle-like crystals were kept in a
brown bottle in a dessicator after distiilation. Isophthaloyl chloride (Eastman
Kodak Company, 97% purity) was distilled twice under vacuum at 65-70°. The
white powder-like product was then recrystallized from dry n-hexane and put
into dry brown glass bottles and stored in a dessicator. Chloroform (Fisher
Scientific Company) was rinsed several times with water, filtered through dry
sodium sulfate then distilled at 39.5°/760 mmHg, and finally stored over
molecular sieves. Petroleum ether was distilled at 38-56°/760 mmHg.
ThePregaration_ofth|BAJighaticHomogol^mer
The monomer^^ was prepared by two methods based on Curtius^^*^^ and
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Schmidt reactions:
Tran8-l,4-Diaminocyclohexane (Curtius Reaction). A mixture of 20 g of
dimethyl trans-hexahydroterephthalate (prepared by esterification of transhexa-
hydroterephthalic acid with absolute methanol), 20 g of hydrazine hydrate (23.5
10
g of 85%), and 20 ml of absolute ethanol, was refluxed on an oil bath for 2 hr;
crystals appeared in a few minutes. The mixture was cooled and filtered under
suction and the dihydrazide was washed with ethanol and ether (18.8 g, 94%). A
solution of 5 g of the dihycb'azlde In 800 ml of warm water was poured Into a
solution of 3 g of sodium nitrite in 3 liters of water. The solution was cooled to
3°, and 7 ml of glacial acetic acid was added with stirring. One or two grams of
sodium nitrite was then added and the precipitated azide was removed by
suction after 43 min and washed with ice water. After drying over soda lime
for 4 hr in vacuum in an ice chest, the azide (4.8 g, 86%) was obtained.
A solution of 3 g of the azide in 200 ml of absolute ethanol was refluxed
over an oil bath for 2 hr, filtered and concentrated in vacuum. On cooling 3.2-
5.5 g (90-95%) of the urethane crystallized (mp 236°).
A mixture of 4.8 g of the urethane and 30 ml of cone. HCl was heated for
24 hr under reflux and then evaporated to dryness to yield trans-1,4-
cyclohexanediamine dihydrochloride (3.3-3.4 g, 95-98%).
Four grams of twice recrystallized hydrochloride salt of the diamine^^
(4.0 g) was dissolved to form a concentrated aqueous solution. To this solution
was added pulverized caustic soda in excess. The solution was warmed. An oily
layer separated upon cooling. After 3 extractions with ether, the ether
extractions were combined and dried over anhydrous sodium sulfate for 6 hr.
Upon evaporation the diamine crystallized in long, thin amine-smelling prisms:
mp 56-58°.
The diamine was purified by distillation at 87-88° (18 mmHg). The
diamine partly sublimed to form colorless crystals (1.8 g, 74%). Pure trans-1,4-
diaminocyclohexane formed colorless and scentless crystals of mp 72-73°.
11
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Tran8^1j4^Diaminocyclohexane(SchmidN^_Procedi£e). ’ To a mixture of 200
ml of chloroform and 800 ml of concentrated H2SO^ mixed in a liter flask at a
temperature not above 9-10°, 19 g of NaN^was added, followed in 15-20 min by
25 g of trans-hexahydroterephthalic acid. The mixture was stirred for 1.5 hr at
15°, then for 6 hr at 50° until no more nitrogen was evolved. After cooling the
precipitated diamine hydrosulfate was collected by filtration.
Precipitation was accelerated by the addition of a few ml of dilute
sulfuric acid and 3 volumes of ethanol. The solution was cooied, and the
recrystallized salt filtered and dried. The yield of diamine salt was about 98%
of theoretical. To the salt was added an equal amount (by weight) of solid
caustic potash. The solid mixture underwent dry distillation in vacuo. The yield
of diamine, a colorless sticky liquid with boiling point 87-88° (18 mmHg), was
but a fraction of the theoretical.
20
A portion of the dihydrochloride was treated with an excess concentrat¬
ed solution of sodium hydroxide and heated in a small sublimation apparatus
under reduced pressure to yield long needles of trans-l,4-diaminocyclohexane:
mp 72°.
21
The amine reacts with carbon dioxide in the air extremely rapidly to
form a solid white carbonate which is high melting.
22 23
Dimeth^l_J[ran84Texah^drotereghthala^. * In a 2-liter round bottom flask
was placed 40 g (0.233 mol) of trans-hexahydroterephthalic acid with 56.4 ml
(1.395 mol) of commercial anhydrous methanol and 0.39 g p-toluene sulfonic
acid monohydrate.
The flask was connected to a reflux condenser and heated in an oil bath at
95-105° for 12-16 hr. Toluene (41.9 ml) was added and the condenser changed
12
for distillation. When the distillation temperature dropped from 68-70° to 45°
after about 4-6 hr, 56.4 ml of absolute methanol was added and the mixture was
heated again under reflux for 12-16 hr. If this second refluxing is omitted, the
yield of ester is only 66%.
An additional 41.9 mi of toluene was added and the azeotropic distillation
was continued for 4-6 hr. The residue was cooled, the system was evacuated at
25-35 mm and the remaining methanol and toluene removed by distillation. The
residual liquid was filtered and concentrated by suction filtration, resulting in
the formation of pure white crystals of dimethyl trans-hexahydroterephthalate:
mp 71° (95%).
Trans;;lj4^c2|clohexanedicarbox^j^_chloride2_^Method^. The acid chloride was
prepared by the reaction of 25 g of trans-hexahydroterephthalic acid with 65 g
of phosphorus pentachloride in 15 ml of anhydrous ether medium dried by
24
storage over calcium hydride overnight.
The solution was refluxed for 5 hr after which it was allowed to cool.
After the unreacted acid had been removed by filtration and the acid chloride
solution was subjected to vacuum distillation, the ether was distilled at 15° and
phosphorus oxychloride at 35° (about 10 mmHg). After completely removing
the ether, water and phosphorus oxychloride, the distillation was stopped.
Crystals (needles) with a pungent odor formed upon cooling the solution. The
crystals were collected and washed with dry n-hexane: mp 69-71°. They were
then dried in a vacuum oven at room temperature for 24 hr (30 g, 98.7%).
Method 2. To a 250 ml three-necked flask equipped with a reflux condenser,
magnetic stirrer, a calcium chloride drying tube and thermometer was
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introduced 30 g of tran8-l,4-cyclohexanedicarboxylic acid. About 41 g of
thionyl chloride were added dropwise and the stirred mixture heated at
approximately 80° for 1 hr.^ A solution formed in 1 hr. Heating was maintained
for 2 hr, after which time the mixture was permitted to stand overnight.
The mixture was subjected to vacuum distillation to remove any excess
thionyl chloride in a bath below 50°. The product was recrystallized from dry
n-hexane/ethylene chloride (90/10, v/v) to produce a crystalline product
melting: mp 69-71° (87.8%).
8 25The Polycondensation of the Aliphatic Homopolymer >
A liter three-necked, round-bottom flask was equipped with a low-speed
magnetic stirrer, a drying tube and a thermometer. The flask was charged with
275 ml of dimethyl acetamide, 10 ml of triethylamine, 3 g of lithium chloride,
and 9.5 g (0.083 mol) of trans-l,4-diaminocyclohexane. The solution was cooled,
while stirring in an acetone-Dry Ice (or isopropanol-Ory Ice) mixture to about -
10°. To this cooled solution was added 15.7 g (0.075 mol) of trans-
hexahydroterephthalic acid chloride.
The mixture was stirred for 30 min, after which 50 ml of solution were
removed for the characterization of the oligomer. The polymerization was
quenched by agitation of the mixture in water. The polymer was washed thrice
with water and once with acetone in a blender. The poly(trans-l,4-
cyclohexylene-trans-l,4-cyclohexanedicarboxamide) isolated (2 g) was dried in a
vacuum oven at 180° for 24 hr.





A 500 ml three-necked, round-bottom flask equipped with a magnetic
stirrer, a drying tube, and a thermometer was charged with 275 ml of dimethyl
acetamide, 10 ml of triethylamine, 9 g of lithium chloride, and 8.1 g (0.075 mol)
of 1,3-phenylenediamine.
The solution was cooled while stirring in acetone-Dry Ice mixture to ca. -
10°. To this cooled solution was added 16.7 g (0.083 mol) of isophthaloyl
chloride. The mixture was stirred at the highest possible rate for 30 min and
then brought to room temperature, after which 50 ml of solution was removed.
Once again polymerization was quenched by agitation in water. The polymer
was washed thrice with water and once with acetone in a blender.
The poly (1,3-phenyleneisophthalamide) isolated (5 g) was dried in vacuum
oven at 180° for 24 hr. The remaining solution was used for the block copoly¬
amide preparation.
The Biock Copolyamide Synthesis
The two polyamidations were done simultaneously. After about half an
hour, the two polyamide solutions were mixed and stirred for 7 hrs in a liter
three-necked flask equipped with a mechanical stirrer and a drying tube (see
Scheme A).
The mixture was allowed to sit overnight. The block copolyamide was
washed 4 times with water and once with acetone in a blender. The block
copolyamide isolated (19.6 g) was then dried at 180° in a vacuum
Two attempts were made at synthesizing the block copolymer. After each
attempt the same characterization procedures were done on the resulting





Scheme A. Preparation of the biock copolyamide.
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Characterization
Infrared Analysis. The infrared spectrum (values in cm"^) for the aliphatic
homopolymer showed peaks at 3310 (N-H stretch), 3090 (N-H stretch), 2940 and
2860 (aliphatic C-H stretches), 1390, and 1450 (C-H stretches), 1640 (C=0
absorption or amide I band), 1543 (N-H bending vibration or amide II band),
1265, 1210 (amide III bands). The spectrum for the aromatic oligomer showed
peaks at 3300 (N-H stretch), 3060 (N-H stretch), 1650 (amide I band), 1540
(amide II band), 1600 and 1400 (aromatic C—H deformation bands), 1300 and
1245 (amide III bands), and 680, 780 and 850 (C-H deformation of a 1,3-
disubstituted benzene rings). The block copolyamide showed significant peaks
at 3300 (N-H stretch), 3060 (N-H stretch), 2930 and 2850 (aliphatic C-H stretch
of the methylene group), 1650 (amide I band), 1540 (amide II band), 1600 and
1400 (aromatic C-H deformation bands), 680, 780, 850 (meta disubstituted ring
C-H out-of-plane bending vibrations). The presence of these absorption bands is
in fact a qualitative proof of block copolymer structure formation as illustrated
in Table 1.
28 13
Nuclear Magnetic Resonance Analysis. The C nmr spectrum of the block
copolymer was obtained in D2SO^. The ^^C chemical shifts were as follows:
29.2, 30.9, 44.1, 55.1, 122.6, 128.7, 130.0, 132.0, 134.9, 136.0, 139.0, 174.5 and
183.0 ppm. The ^^C chemical shifts are explained using Figs. 3 and 4. The low
field resonance at 174.5 is due to the carbonyl carbons (e) within the chain, and
the peak at 183.0 ppm is characteristic of the carbonyl carbons of the terminal
carboxylic groups (f). The resonances at 122.6-139.0 ppm represent the
aromatic carbons (1-8), and 29.2-55.1 ppm the aliphatic carbons (a-d).
17
Table^. Infrared Absorptions of the Aliphatic Oiigomer Poly(trans-l,4-
cyclohexyIene-trans-l,4-cyclohexanedicarboxamide), ALI-1; of the Aromatic
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Fig. 4. nmr epectrum of poly(imino-tran8-l,4-cyclohexyleneiminocarbonyl-
tran8-l,4-cyclohexylenecarbonyl-b-imino-l,3-phenyleneiminoi8ophthaloyl).
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Fig. 5. nmr spectrum of poly(imino-trans-l,4-cyclohexyleneiminocarbonyl-
tran8-l,4-cyclohexylenecarbonyl-b-imino-l,3-phenyleneisophthaloyl).
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The nmr spectrum of the block copolymer was also obtained in D2SO^,
The chemical shifts were as follows: 1.14, 1.65, 1.71, 1.74, 2.26, 3.48, 7.27,
7.31, 7.57, 7.72, 7.81, 7.93, 7.95, 8.06, and 8.18 ppm. The resonances are
explained using Figs. 3 and 5. The resonances at 1.14-3.48 ppm represent
aliphatic protons and resonances at 7.27-8.18 ppm aromatic protons.
29
DifferentialScanningCalorime]^. Differential scanning calorimetry was
used to determine the glass transition temperature (T^) and the crystalline
melting temperature (T^^) of the polyamides. Values are tabulated in Table 2
and shown in Fig. 6.
Table 2. Differential Scanning Calorimetric Values for the Aliphatic, the Aroma-
tic and the Block Copolyamides.
Polymer T/C T^/°Cm
Aliphatic homopolymer 143 388
Aromatic homopolymer — 413
Block Coploymer
380
Viscosty Measurements. The values of 0.45 and 0.80 deciliter per grams were









Fig. 6. Differential scanning calorimetric thermograms of the aliphatic (ALI-1),
and aromatic (ARO-1) homopolymers, and the block copolyamide (BLOCK-1).
RESULTS AND DISCUSSION
Sj^TithMis
During the first attempt at synthesizing the block copolymer the starting
materials were not as pure and dry as the second attempt. To minimize these
inhibiting factors to obtaining a block copolyamide of higher viscosity, the
monomers and reagents used were purified and dried. The inherent viscosity of
the block copolyamide obtained in the second synthesis (0.80) was higher than in
the first attempt (0.445). Extremely dry and pure monomers are a s^ non
to obtaining larger molecular weight polymers.
Pure and dry cyclohexanediamine is quintessential to the preparation of
the aliphatic homopolymer, hence to the successful preparation of the block
copolymer. A very viscous liquid that boils at about 87° (18 mmHg) when
crystallized, it melts at about 72°. However when exposed to the atmosphere it
quickly reacts with moisture or CO2 to form a high-melting carbonate salt. I
kept the dry cyclohexanediamine in a brown bottle in a dessicator and used it as
soon as possible in subsequent synthesis. Otherwise I stored it in the salt form.
The clue to the synthesis of the aliphatic homopolymer seems to be the
availability of the pure, free and dry trans-l,4-cyclohexanediamine. In my
attempt to bypass the long sequence of reactions involved in the Curtius
pathway, I also employed the Schmidt reaction, which however led to lower
yields of the diamine. Other methods (e.g., hydrogenation techniques) of
synthesizing the diamine have been mentioned elsewhere. Most azides are
extremely explosive due to the high concentration of nitrogen per mole of an
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azide. Thus in the preparation via the Schmidt procedure the azide was kept in
the cold in a refrigerator and used as soon as possible in a subsequent reaction.
In the synthesis of the trans-l,4-cyclohexanedicarboxylic acid chloride,
the synthesis via PCl^ was the selected pathway because higher yields and purer
acid chloride resulted.
The syntheses were done under dry nitrogen atmospheres and at very low
temperatures between 0*^ to *40° in order to suppress the other acid chloride
consuming side reactions —» these are oxidation reactions which cause
degradation of the polymer or monomers. The nitrogen gas was used to help
drive off the by-product HCi and prevent it from accumulating in the system
and also to prevent oxidation.^^ Elimination of the by-product shifts the
equilibrium to the right and thereby to high molecular weight product.
It appears the dependence of polymer molecular weight on concentration
is related to diffusion of the acid chloride monomer through a solvent with
which it can possibly react.^^ In the case of the flexible-chain polymers a high
ratio of solvent to diacid chloride (that is, low concentration of monomers)
produces low molecular weight polymer because of the chain terminating
reaction of the diacid chloride with solvent. When on the other hand the
concentration of monomers becomes quite high, it appears quite likely that the
molecular weight of polymer obtained is low because of the chain terminating
reactions of the diacid chloride with solvent due to the fact that the diacid
chloride monomer must diffuse through the highly viscous solution. To
minimize these effects the low-temperature polycondensations were done using
low to moderate concentrations of monomers in attempts to moderate in attempts
find the optimum values.
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In the aliphatic oligomer preparation a 10 mole percent excess of diamine
was used. This was to ensure a homopolymer with diamino end groups. In the
case of the aromatic oligomer a 10 mole percent excess of the diacid chloride
was used. Polymerizations of the homopolymers were done concurrently and
after 30 min the two solutions were added together in the block copolymer
preparation.
It has been found^ that the degree of polymerization is enhanced by added
or by-product tertiary amine salt. The polymerizations took place in salt media
of dimethylacetamide, triethylamine, and lithium chloride. The triethylamine
hydrochloride salt presumably forms a soluble complex with the polymer, (Fig.
5) aiding solution and the polymerization process. The triethylamine acts as an
acid acceptor or scavenger tying up any liberated acid. The dimethyl acetamide
has a dual role of solvent and acid acceptor.
It has also been found^ that as oligomers of primary polyamides form they
associate with by-product polar salt and thus have a common environment in
varying solvent media. Thus the amide units in poly(phenyleneisophthalamide)
bear hydrogen substituents. This is a necessary feature for enhancement of
solubility by dissolved salt. The problem with polyamides is their relative
insolubility in ordinary solvents, and thus exotic mixtures have been employed
to dissolve them.^*^^ The use of a unit (the aromatic homopolymer) containing
a hydrogen-bearing substituent, was old* attempt to modify and improve the
solubility value of the resulting block copolyamide.
P. W. Morgan^ has proved that in polymerizations involving strongly
basic diamines such as 1,4-cyclohexanediamine, the use of interfacial polymeri¬
zation systems (i.e., water-immiscible organic solvents) and strong bases as acid
25
acceptors, is strongly recommended in order to yield high molecular weight
polyamides. Less viscous aliphatic polyamide obtained could be related to the
failure to use such a system.
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Competing Reactions *
There are in general three main competing reactions in each polyamida-
tion.





This polymerization has several stringent requirements. As a requirement
of a balanced stoichiometry for polycondensation, all materials must be dried,
since water and other impurities that could either consume the acid chloride, or
26
otherwise imbalance the stoichiometry will lead to low molecular weight
products.
Temperatures in the range of 0° to -40° are desirable since side reactions
(equations II and III) can be significantly suppressed while the reactive acid
chloride - amine condensation proceeds at satisfactory rates.^
II: Transamidation by Amide Solvent
(polyamide chainH^H—CO—(polyamide chain) + CH^CQ—NKCH^)^' ^
(polyamide chain)-NH CO—CH^ + (CHj)2NCO——(polyamide chain)
III: Acylation of Monomers by Amide Solvent
H2N C^H^ NH2 + CH3CO N(CH3)2 ^
NH2 CgH^—NH COCHj + NKCH5)2
(CHj)2NH + CICO CgH^ COCl ^ (CH3)2NCOCgH^COCl
+ HCl
Schemes II-III can cause chain scission on the already formed poly(meta-
phenyleneisophthalamide).^^ These acylation reactions cause unbalancing of
the reaction stoichiometry and prevent the formation of high molecular weight
polymer.
The side-reactions can also occur during the aliphatic homopolymer and




An absolute characterization of many block copolymers has been a near
illusion to polymer chemists. Thus an unequivocal determination of the struc¬
ture of a block copolymer is a formidable task. The only block copolymer that
has received an extensive characterization is the styrene-diene block copolymer
because it is prepared by a controllable anionic living polymerization process.
Often block copolymers are assigned structures derived from synthetic
pathways or from the mechanism of reactions.
It is now a general concensus among polymer chemists that the
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characterization of homopolymers, prepolymers and copolymers ’ is
achieved by elemental analysis, solubility, solution viscosity, melt viscosity,
average molecular weight determinations, molecular weight distribution, degree
of crystallinity, spectroscopic techniques (including infrared, proton and carbon-
13 nuclear magnetic resonance) and thermal analysis (including both differential
scanning calorimetry and thermal gravimetric analysis).
One is sometimes confronted with the question as to whether a given
reaction product is a block copolymer, or a mere blend of the homopolymers.
This is usually solved by solubility behavior, spectroscopy and some of the above
characterization tools.
28
Infrared spectroscopy and nuclear magnetic resonance measurements
(Tables 1 and 2 respectively) were used to verify the formation of the block
copolyamide.
29 36
Differential scanning calorimetric (DSC) values * were also deter¬
mined and these are shown in Fig. 6 and Table 4.
28
Inherent viscosities of 0.45 dl/g and 0.80 dl/g were obtained from the two
attempts at block copolymer synthesis. In the latter case, inherent viscosities
of 0.25 dl/g and 0.30 dl/g were obtained for the aliphatic and aromatic
homopolymers respectively. The inherent viscosity is directly related to the
degree of polymerization of the polyamide,^ and hence to its molecular weight.
CONCLUSION
Poly(tran8-l,4-cyclohexylene-trans,l,4-cyclohexanedicarboxamide-b-l)3-pheny'
leneisophthalamide) was synthesized and characterized by a combination of
infrared and nmr spectroscopy measurements to elucidate the structures of
products involved in these syntheses.
Viscosity measurements gave a rough idea of the molecular weight and
hence of degree of polymerization. The initial and final attempts yielded a
polyamide of inherent viscosity 0.45 and 0.80 respectively. In the latter case, the
aliphatic and aromatic homopolymers had inherent viscosities of 0.3 and 0.25
respectively. Inherent viscosity of 0.80 is proof of block copolymer formation,
and that the product is not just a mere blend of the homopolymers. Presumably
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